Dykes of the Late Cretaceous to Early Tertiary (79.5 ± 3.5 to 60.7 ± 2.4 Ma) melilitic rock series of the Osečná Complex and the Devil's Walls dyke swarm, including ultramafic lamprophyres -polzenites -of Scheumann (1913) occur dispersed in the entire Upper Ploučnice River basin in northern Bohemia. Polzenites and associated melilitic rocks are characterized by the mineral association of olivine + melilite ± nepheline, haüyne, monticellite, phlogopite, calcite, perovskite, spinels and apatite. New data on their mineral and chemical compositions from original Scheumann's localities (the Vesec, Modlibohov, Luhov types) argue against the abolition of the group of ultramafic lamprophyres and the terms 'polzenite' and 'alnöite' by the Le Maitre (2002) classification. Marginal facies and numerous flat apophyses of the lopolith-like body known as the Osečná Complex show an olivine micro-melilitolite composition (lamprophyric facies). The porphyritic texture, chemical composition and the presence of characteristic minerals such as monticellite and phlogopite point to their affinity with ultramafic lamprophyres -polzenites of the Vesec type. Melilite-bearing olivine nephelinites to olivine melilitites (olivine + clinopyroxene + nepheline + melilite ± haüyne and spinels with apatite) form a swarm of subparallel dykes known as the Devil's Walls. The Scheumann's non-melilite dyke rock "wesselite", spatially associated with polzenites and often erroneously attributed to the polzenite group, is an alkaline lamprophyre of monchiquite to camptonite composition (kaersutite + phlogopite + diopside + olivine phenocrysts in groundmass containing clinopyroxene, phlogopite, haüyne, analcime, titanian magnetite, apatite ± glass/plagioclase). First K-Ar data show Oligocene ages (30.9 ± 1.2 to 27.8 ± 1.1 Ma) and an affinity to the common tephrite-basanite rock series.
Introduction
Rare ultramafic melilite-bearing olivine nephelinite to olivine melilitite volcanic rocks and their plutonic equivalents (mostly of the melteigite-ijolite-urtite series) and associated lamprophyric alnöite represent low-volume mantle-derived melts (Ishikawa et al. 2004; Melluso et al. 2011) . Rocks of melilitic volcanic series occur in intraplate rift settings (Siberia -Egorov 1970; Zhabin and Surina 1970; the Balcones Province, Texas, and Tasmania -Brey 1978; Africa -Dawson et al. 1985; Bailey et al. 2005; Keller et al. 2006; Greenland -Bernstein et al. 2000; Madagascar -Melluso et al. 2011; Euro-Mediterranean region -Lustrino and Wilson 2007; Piromallo et al. 2008 and citations therein) , at continental margins (the western Canary and Madeira islands are situated on oceanic lithosphere, whereas the eastern Canary Islands on transitional, oceanic/continental lithosphere -Hoernle and Schmincke 1993) and in ocean island settings (Hawaii -Wilkinson and Stolz 1983; Maaloe et al. 1992; French Polynesia -Chauevel et al. 1992 ). Potassic to ultrapotassic melilitic rocks of exceptional subductionrelated orogenic settings are represented by the Roman Magmatic Province (Di Battistini et al. 2001 and citations therein) and a diatreme filling of polzenite (modlibovite) composition in California (Morgan et al. 1985) . Alnöite dykes are rare in rift-related settings, e.g., Alnö Island, Sweden (Eckermann 1961), Monteregian Hills, Canada (Hamois and Mineau 1991), MaimechaKotui Province, Siberian Platform (Egorov 1970; Zhabin and Surina 1970) , Kola Peninsula (Beard et al. 1998; Rass 2008) , Gardar Province, Greenland (Pearce et al. 1997) , Sierra Subandinas, Argentina (Barbieri et al. 1997) but also in an island-arc setting on the Solomon Islands, Ontong Java Plateau (Ishikawa et al. 2004) .
Melilitic rocks occur throughout the Central European Volcanic Province (CEVP) (Alibert et al. 1983; Keller 1984; Keller et al. 1990; Hegner et al. 1995; Wilson et al. 1995; Hegner and Vennemann 1997; Dunworth and Wilson 1998; Lustrino and Wilson 2007) including the Bohemian Massif. They are particularly common in western Bohemia and Saxony (Ulrych et al. 2000a, b; Seifert et al. 2008; Abratis et al. 2009; Krüger et al. 2013) . Besides these usual melilitic volcanic rocks with substantial clinopyroxene, Scheumann (1913 Scheumann ( , 1922 recognized clinopyroxene-free lamprophyric dyke rocks in the Ploučnice River Region (PRR) in northern Bohemia and described them as polzenites. Pivec et al. (1986 Pivec et al. ( , 1998 and Ulrych et al. (1988 Ulrych et al. ( , 2008 reported the presence of the hypabyssal Osečná olivine melilitolite intrusion, also free of clinopyroxene, from the same area.
Similar Late Cretaceous flat-lying sheets of ultramafic lamprophyres are also known from other localities of the Bohemian Massif. The sheets of monchiquite-ouachitite-aillikite series penetrate the Permo-Carboniferous sediments of central Bohemia (Ulrych et al. 1993) , and a phlogopite-rich olivine clinopyroxenite (autotransformed alnöite) sheet intruded the boundary between Upper Permian and Upper Cretaceous sediments near Dvůr Králové nad Labem (Ulrych et al. 1996) .
The present paper summarizes information on melilitic rocks from northern Bohemia (Ulrych et al. 2008) and presents new chemical analyses and K-Ar dating of melilitic and melilite-bearing dykes at the classical Scheumann's localities.
Geological position
Late Cretaceous to Cenozoic intraplate volcanism in Central Europe belongs to the Central European Volcanic Province (CEVP) and concentrates to the European Cenozoic Rift System (Prodehl et al. 1995) . The easternmost segment of this rift system is represented by the Ohře/Eger Rift (OR) in the Bohemian Massif. Peak volcanic activity related to this structure coincided with the maximum crustal extension and graben formation in the Late Eocene to Early Miocene; however, Cenozoic volcanic products in northern Bohemian Massif are not restricted to this event. Three phases of elevated volcanic activity can be distinguished (Ulrych et al. 2011 ): (i) pre-rift Upper Cretaceous to Palaeocene ultramafic melilitic rock series, (ii) syn-rift Oligocene to Early Miocene tephrite/basanite-phonolite/ trachyte rock series, and (iii) sporadically occurring ultramafic rocks of the late-rift Late Miocene period.
The PRR is well known by the occurrence of Late Cretaceous to Palaeocene ultramafic intraplate volcanic rocks characterized by the presence of melilite. Scheumann (1913) defined a suite of clinopyroxene-free ultramafic lamprophyres from this region and named it after the Ploučnice River (Polzen in German) -polzenites.
The occurrences of polzenites and associated melilitic rocks in northern Bohemia concentrate along the SE marginal fault of the Ohře/Eger Rift graben. Strikes of their dykes (mostly NE-SW) are compatible with the stress field which governed the main episode of thrusting at the NW-SE-striking Lusatian Fault (Adamovič and Coubal 1999; Ulrych et al. 2011) . At this time, fractures parallel to the maximum principal stress component became dilated, permitting a rapid magma ascent through the crust.
Polzenites and associated melilitic rocks are represented by (1) dykes striking NE-SW, rarely ENE-WSW, several kilometres in length, and (2) the central intrusion of olivine melilitolite at Osečná (Pivec et al. 1986 (Pivec et al. , 1998 Ulrych et al. 1988 Ulrych et al. , 2008 Fig. 1) . The Osečná intrusion is an asymmetrical, lopolith-shaped body, 20 to 60 m thick, emplaced in sediments of the Cenomanian to Turonian age (depth 0-200 m) over an area of 12.5 km 2 (see Fig. 2 in Ulrych et al. 2008) . The dip angles of the Osečná saucer-shaped sill and flat-lying sheets are low (up to 30°) but steepen to as much as 70-80° on the edges of the saucer, forming finger-like apophyses (see also similar steepening from the Whin Sill, England and Midland Valley Sill, Scotland -Francis 1982) . The intrusion reaches the surface only rarely in the form of marginal facies formed by fine-grained micro-melilitolite (micro-porphyritic melilitolite).
The Osečná Complex is spatially associated with dykes of olivine nephelinite to olivine melilitite compositions, dipping steeply to the NW (Wurm 1884). These comprise (from NW to SE) the Western Devil's Wall, the Great Devil's Wall and the Lesser Devil's Wall (Fig. 1) . Dykes of this composition are interspersed with a number of shorter dykes of polzenite which are of the same orientation and were obviously emplaced under the same tectonic stress field: the Kotel dyke (clinopyroxene "polzenite" -alnöite) is an example. The dyke of Pelousek Hill passes the village of Modlibohov and was most probably the site of the "Modlibohov-type" polzenites of Scheumann (1913) . Svárovské návrší Hill at Osečná is a segment of a cone-sheet(?) dyke dipping at moderate angles. A NWdipping micro-melilitolite dyke 700 m long between Vesec and Jiříčkov ( Fig. 1 ) was mentioned by Scheumann (1913) but more attention was given to "Vesec-type" micromelilitolite dykes at Děvín and Svojkov.
Farther west, between Mimoň and Osečná, the best examples of micro-melilitolite are the Great Ralsko dyke and the morphologically prominent Děvín dyke, also dipping steeply to the NW. The NE-SW-striking alnöite dyke is located within the subsided block of the OR near Luhov (Scheumann 1913) . It crosses the top of Černý vrch Hill but provides no natural outcrops. Some of the westernmost dykes, also located within the OR, include the N-dipping micro-melilitolite dyke near Svojkov known as "Bockwener Mühle" (Scheumann 1913 ) and the NW-dipping alnöite dyke at Brenná known as "der Damm" (Wurm 1883; Scheumann 1913) .
Occurrences of olivine melilitite and polzenite dykes continue to Saxony (Zeughausgang near Hinterhermsdorf -Pfeiffer 1978 and citations therein) and to Lusatia (Görlitz area - Seifert et al. 2008 and citations therein). The Delitzsch Complex, occurring outside the Bohemian Massif near Leipzig, consists of Late Cretaceous ultramafic lamprophyres (alnöites and aillikites) and carbonatitic rocks (Krüger et al. 2013) .
The term "wesselite" was chosen by Scheumann (1913) for rocks of the monchiquite to camptonite rock series from the "Am Knobloschen Grund" dyke at Veselí/ Wesseln SW of Mimoň. Their dykes strike mostly NNE-SSW in the Mimoň-Doksy area but show variable strikes further south and west. They have been reported from several places SW of studied area (Zahálka 1905; Ulrych et al. 1990 Ulrych et al. , 1998 Kühn 1999) .
Analytical methods
The study is based on two sets of samples. The previous dataset comes from an unpublished report for the Uranium Industry Company and included major-element analyses (Ulrych et al. 1990 ). Trace-element concentrations of this sample set were acquired within the present study. The newly analysed set of samples comes from Scheumann's type localities and other outcrops in the area.
New bulk analyses followed the methods described in detail by Johnson and Maxwell (1981) and Potts (1995) and included total digestion of the sample using HFHClO 4 attack and/or alkaline sintering (both in Pt dishes and/or crucibles) and subsequent determination of majorelement oxides by volumetric analyses (Al 2 O 3 , Fe 2 O 3 , FeO, MgO, CaO), spectrophotometric and/or inductively coupled plasma spectrometry (ICP-OES) analyses (P 2 O 5 and TiO 2 ), and gravimetric analyses (SiO 2 , H 2 O). The Na 2 O, K 2 O and MnO contents were determined using flame atomic absorption spectrometry (FAAS) and/or ICP-OES. The accuracy was monitored analysing the BCR-2 reference material BCR-2 (USGS) and yielded Wes -type locality of "wesselite" (Scheumann 1913 (Scheumann , 1922 .
an average error (1σ) less than ± 5 % for all determined elements. Bulk analyses of the previous set of samples were performed at the Faculty of Science, Charles University, Prague, using the methods described in detail above.
Trace-element concentrations in the new set of samples were determined using quadrupole-based ICP-MS X Series 2 (Faculty of Science, Charles University, Prague). Those in the previous set were determined on sector-field ICP-MS Thermo Element 2 at Institute of Geology, Academy of Sciences of the Czech Republic. The analytical protocol for both sets followed the methods of Strnad et al. (2005) . In brief, 0.1-0.2 g of sample powder were decomposed in a mixture of HF-HClO 4 acids in teflon beakers and/or Pt crucibles. The remaining residue was thereafter dissolved using 2% HNO 3 and transferred to 100 ml volumetric flask. This solution was finally diluted for ICP-MS measurements. Instrumental calibration was performed using an aqueous multi-element calibration solutions and 115 In as an internal standard for the correction of instrumental drift. The precision of the analyses was always better than ± 10 % (2σ) for X Series 2 ICP-MS and ± 5 % for Element 2 ICP-MS. The accuracy of ± 5 % (2σ) was obtained comparing the long-term reproducibility of the USGS reference material BCR-2 against the recommended values (Jochum and Nohl 2008) .
The K-Ar age determinations were carried out according to the procedure described in Balogh (1985) . Data were calibrated by interlaboratory standards LP-6, GL-O, HD-B1 and Asia 1/65, as well as atmospheric Ar (Odin et al. 1982) .
The Sr-Nd isotope compositions were determined in the isotope laboratory at Universität München (Germany) according to the procedures outlined by Hegner et al. (1995) Scheumann (1913) Of the above mentioned local names, only the general term polzenite was used in some classifications of lamprophyres (Streckeisen 1979; Le Maitre 1989; Rock 1991) . Nonetheless, its understanding is often hindered by insufficient comprehension of the original German text (Scheumann 1913 (Scheumann , 1922 . In the recent classifications of Woolley et al. (1996) 
Polzenite classification and petrographic characteristics
/also in grdm --M -major constituent, m -minor constituent, N -necessary, presence of only one "asterisk" phase, -absent, grdm -groundmass particular, the absence of clinopyroxene and feldspar, but the presence of haüyne and phlogopite (for modal composition of polzenites see tab. 1 in Pivec et al. 1998) . Polzenite is thus a counterpart of the clinopyroxenebearing melilitic, foid-free lamprophyric dyke rock -alnöite, defined by Rosenbusch (1887). The basic mineral association of polzenite is: olivine + melilite + nepheline + phlogopite + spinel + calcite ± monticellite, haüyne (clinopyroxene), perovskite and apatite. Scheumann (1922) described the polzenite series formed by olivinerich polzenite of the Vesec type, transitional member of the Modlibohov type, to olivine-free bergalite from Kaiserstuhl (Söllner 1913). A characteristic macroscopic feature of polzenites is the warty surface (Fig. 2a) .
The Vesec type (vesecite) of polzenite was defined by Scheumann (1913) as a rock rich in olivine with monticellite rims and unevenly distributed phlogopite (Fig. 2b) . The micro-porphyritic texture is characteristic; olivine and phlogopite micro-phenocrysts (0.1-0.8 mm) are set in a fine-grained groundmass with trachytic texture.
The Modlibohov type (modlibovite) of Scheumann (1913) represents an olivine-and phlogopite-rich rock with zoned foids (haüyne core and sodalite rim: Ulrych et al. 1991) . The texture is micro-porphyritic to doleritic with olivine and phlogopite (0.1-0.8 mm) microphenocrysts set in trachytic and poikilitic groundmass (Fig. 2c) . Rare irregular clusters of clinopyroxene grains were detected in some modlibovite samples.
The Luhov type (luhite) is compositionally and texturally similar to modlibovite (Scheumann 1922) containing also minerals of the sodalite group (Ulrych et al. 1991) . However, it has variable amounts of clinopyroxene micro-phenocrysts (up to 20 vol. %; 0.2-1 mm) forming irregular rims around olivine in association with carbonate ( Fig. 2d) . Scheumann (1922) classified it to haüyne-melilite damtjernite. The Luhov type thus belongs to alnöite and not to polzenite (Johannsen 1949; Le Maitre 1989) .
Ultramafic melilitic lamprophyres of the PRR are accompanied by other melilitic magmatic rocks forming (i) a hypabyssal olivine melilitolite sheet beneath Osečná and (ii) a swarm of melilite-bearing olivine nephelinite to olivine melilitite dykes (the Devil's Walls swarm).
Olivine melilitolite and olivine micro--melilitolite of the Osečná Complex
The lopolith-like sheet of the Osečná Complex is not strictly homogeneous. It is a hypabyssal equivalent of near-surface dykes. The central part is composed of olivine melilitolite: olivine + melilite + spinels ± nepheline, phlogopite, monticellite, perovskite and carbonate. The olivine melilitolite is a medium-grained porphyritic rock of lamprophyric character. Phenocrysts are formed by olivine, melilite and phlogopite (1-5 mm) set in groundmass with ophitic to poikiloophitic texture (see photo 2 in Ulrych et al. 1988 ). The intrusion contains also rare dykes and pods of coarse-grained rocks such as melilitolite pegmatoids, ijolites, and glimmerites. They gradually pass into the parental olivine melilitolite (Ulrych et al. 2008) .
The outermost parts of the melilitolite intrusion formed by its chilled margins and numerous apophyses are composed of olivine micro-melilitolite with microphenocrysts of olivine set in groundmass with trachytoid texture. Phenocrysts are formed by olivine with monticellite rims and phlogopite. The groundmass consists of melilite and nepheline ± sodalite-haüyne ± carbonate; spinels, perovskite and apatite are common accessory minerals. The mineral association and textural characteristics of olivine micro-melilitolite are very similar to those of dykes of ultramafic lamprophyres -polzenites -of the Vesec type.
Melilite-bearing olivine nephelinite (melanephelinite) to olivine melilitite of the Devil's Walls
The Devil's Walls dykes are composed of rocks of microporphyritic melilite-bearing olivine nephelinite to rare olivine melilitite series. The microphenocrysts (0.1-1 mm) are composed of olivine and clinopyroxene, while the fine-grained holocrystalline groundmass (see photo 10 in Ulrych et al. 1998 ) consists of nepheline, melilite, olivine, clinopyroxene, phlogopite, spinels, apatite and rare perovskite. Scheumann (1913) described the melilite-free lamprophyre as biotite-haüyne basalt of the monchiquite and bekinkinite type, i.e., a melanocratic variety of theralite of Rosenbusch (1907) , from "Am Knobloschen Grund" dyke at Veselí/Wesseln. The herein verified mineral association of this alkaline lamprophyre of coarse-porphyritic texture and holocrystalline to hemicrystalline groundmass from the original locality of Veselí ("wesselite") is kaersutite ( Fig. 2f ) + titanian phlogopite + diopside + (serpentinized) olivine phenocrysts (1-10 mm) in groundmass containing clinopyroxene, phlogopite, haüyne, analcime, titanian magnetite and apatite cemented by weakly anisotropic matter (2.4 wt. % Na 2 O, 3.5 wt. % K 2 O, 0.5 wt. % SO 3 , 12.5 wt. % CO 2 ). The origin of the latter by decomposition of foids and/or glass is most probable. No melilite or its alteration products were identified. By modal composition, this rock corresponds to monchiquite (Le Maitre 2002). The modal composition of the rock is rather variable probably due to the zoning a -Characteristic warty surface of polzenites (locality Vesec); b -olivine with monticellite rim in polzenite of the Vesec type (locality Vesec; XPL); c -micro-porphyritic texture of the Modlibohov type polzenite characterized by olivine phenocrysts in a groundmass containing poikilitic phlogopite (locality Modlibohov; PPL); d -clinopyroxene-rich "polzenite" -alnöite of the Luhov type with laths of melilite-group minerals in groundmass (locality Luhov; XPL); e -texture of "wesselite" (camptonite) characterized by phenocrysts of kaersutite surrounded by pilotaxitic feldspar laths of groundmass (locality Veselí; PPL); f -twinned kaersutite crystal enclosed in a larger, strongly zoned grain of the same mineral ("wesselite", locality Veselí; XPL).
Alkaline lamprophyres
of the dyke or a presence of several subparallel dykes. It manifests in particular in the presence of plagioclase or glass/analcime. The monchiquite from Veselí (samples 49A and 1/13) and camptonites with a low proportion of ternary labradorite to andesine (Ulrych et al. 1998 ) from the Střelnice dyke at Doksy (sample X-1) and Liščí vrch Hill near Doksy (sample 42) are very similar in composition. Nevertheless, those from Veselí P-1* (Fig. 2e ) and Svojkov (sample 35) represent the leuco-camptonite variety, and sample 49 is a mela-camptonite. Scheumann (1922) assigned "wesselite" to monchiquite but associated it within the same rock series as polzenites. However, Tröger (1939 ), Wimmenauer (1973 and Rock (1991) classified "wesselite" directly to polzenites in spite of the absence of melilite.
Geochemical characteristics
5.1. Ultramafic lamprophyres, olivine melilitolite, and associated melilitic and melilite-bearing volcanic rocks
Concise geochemical characteristics of melilitic and melilite-bearing rocks of the PRR were presented by Ulrych et al. (1988 Ulrych et al. ( , 2008 and Pivec at al. (1998) . However, new geochemical and K-Ar geochronological data on polzenites from Scheumann's original localities, and the associated specific alkaline lamprophyre "wesselite" (Ulrych et al. 1990) Tab. 2). Individual types of the melilitic and melilite-bearing rocks plot in the foidite field of the TAS diagram of Le Maitre (2002) (Fig. 3) . All samples of these rocks, with the exception of the melilitebearing olivine nephelinite, are larnite-normative (CIPW norm) and thus can be classified as olivine melilitite sensu Brey (1978) . In the CaO + Na 2 O + K 2 O wt. % vs. SiO 2 + Al 2 O 3 wt. % diagram of Le Bas (1989) , melilitebearing rocks mostly fall into the melilitite field (Fig. 4) .
According to the criteria of Frey et al. (1978) , primary melts of mantle origin should have: (i) Mg# [Mg# = 100 Mg/(Mg + Fe 2+ ) where Fe 2+ is calculated on the basis of Fe 3+/ Fe = 0.15] between 68 and 75, (ii) high contents of compatible elements such as Ni (>300 ppm), Co (>50 ppm), Sc (>30 ppm), and Cr (>600 ppm) and (iii) upper mantle xenoliths. Based on these criteria, the melilitic and melilite-bearing volcanic rocks of the PRR represent near-primary melts (Mg# = 73-81, Ni = ~130-670 ppm, Co = ~50-70 ppm, Sc = ~20-40 ppm and Cr = ~140-1300 ppm) in equilibrium with the primitive mantle peridotite which underwent only limited low-pressure fractional crystallization (Brey 1978; Alibert et al. 1983) . Melilitic rocks have also high CaO/Al 2 O 3 ratios (1.3-2.4), thus exceeding those of typical ocean island and midocean ridge basalts (OIB and MORB) which are both less than unity (Sun and McDonough 1989) .
The strongest alteration effects are seen within the Osečná olivine melilitolite intrusion. The following types of late-magmatic and post-magmatic enrichments have been recognized: Ca-Na -(H 2 O, P, F) which produced melilitolite pegmatoids containing melilite + nepheline + fluorapatite, (F, OH)-bearing titanian andradite, fluorite, wollastonite and thomsonite. Na -(CO 2 , Zr) which mainly led to the production of ijolites (nepheline + Na-rich diopside + calcite, calzirtite and pectolite), see a similar paragenesis of pegmatoids in olivine nephelinites from western Bohemia (Ulrych et al. 2000a (Ulrych et al. , 2005 .
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K -(Fe 3+ , Ti, Zr, F, S) resulting in the formation of glimmerites formed by (Ti,Ba)-rich phlogopite + (Ti,Zr)-andradite, pyrite and rasvumite.
Nevertheless, the process of metasomatic transformation of melilitic rocks was complex. It included monticellitization, glimmeritization, garnetization and transformation of groundmass to a mixture of carbonates, zeolites, and pectolite (cebollitization). The alterations concentrated to intensively water-saturated sheets of olivine micro-melilitolite in Cretaceous sediments.
Geochemical data on the melilitolite pegmatoids and ijolite dykes presented by Ulrych et al. (2008) display lower contents of transition trace elements such as Cr, Ni and Co compared to the host olivine melilitolite (Tab. 2) and glimmerites. On the other hand, the concentrations of P, Sr, Ba, Y, REE, U, Zr and Nb are slightly elevated.
Primitive mantle-normalized multielement plots for melilitic rocks show enrichment in incompatible elements (Fig. 5) . Melilite-bearing olivine nephelinites of the Devil's Walls dyke swarm have similar geochemical characteristics as those of olivine micro-melilitolites and polzenites of the Osečná Complex, although the concentrations of incompatible elements in the Devil's Walls dykes tend to be lower. The pronounced negative K anomaly in all samples is most characteristic.
Melilitic rocks are enriched in rare earth elements (ΣREE ~220-640 ppm) compared to primitive upper mantle (Sun and McDonough 1989) (Tab. 2, Fig. 6 ). They are similarly enriched in LREE relative to HREE with high La N /Yb N ratios. Ultramafic lamprophyres, olivine melilitolites and micro-melilitolites have mostly higher La N /Yb N ratios (27-68) than melilite-bearing olivine nephelinites La N /Yb N (20-38) although the differences among the bulk-rock compositions are subtle. No samples exhibit substantial negative Eu anomalies (Eu/Eu* = 0.84-0.98).
Alkaline lamprophyres
Chemical compositions of "wesselite" (monchiquite to camptonite) dykes (Mg# = 50-68 but also as high as 81!) (Scheumann 1913 (Scheumann , 1922 Ulrych et al. 1990 Ulrych et al. , 1998 Kühn 1999 ) from the PRR display partly variable chemical characteristics (see Tab. 2) and plot prevalently to basanite in the TAS diagram (Fig. 3) (X-1) and Liščí vrch Hill near Doksy (sample 42) are characterized by similar Mg# (66-67). Samples from Veselí P-1* (Fig. 2e) and Svojkov (sample 35) are leucocratic and display very low Mg# of 50-52, while that from Veselí (sample 49) is melanocratic with very high Mg# (81). Primitive mantle-normalized multielement plots for alkaline lamprophyres of the "wesselite" type show a degree of enrichment in incompatible elements similar to that in the compared melilitic rocks (Fig. 5 ) but lack a negative K anomaly.
The alkaline lamprophyres are moderately enriched in LREE relative to HREE (La N /Yb N = 20-24: Tab. 2, Fig. 6 ). On average, the enrichment in LREE abundances of these rocks is lower than that of the compared melilitic rocks. However, K-Ar data for original "wesselite" (monchiquite) dyke sample 1/13 are 30.9 Ma (phlogopite) to 27.8 Ma (kaersutite), while the age of the "wesselite" (camptonite) dyke sample P-1* (whole-rock data) is 23.2 Ma, see Tab. 4. The results correspond well with new K-Ar data for the camptonite-basanite (?) dyke from Janův Důl locality, sample P*-3: 28.7 Ma for kaersutite phenocrysts and 23.1 Ma for groundmass (Tab. 4).
K-Ar age determinations
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Discussion
Problems of the polzenite and associated rock classification
Regarding the classification of polzenites, there are currently two equivalent approaches. According to the first view, polzenites represent only lamprophyric, i.e. volatile-rich, facies ("lamprophyre clan") of melilite-bearing group of rocks sensu Mitchell (1994 ) (see Woolley et al. 1996 Le Maitre 2002) . This is based on the assumption that the term lamprophyre has no genetic significance and the recognition of a lamprophyre facies is proposed as a means of conveying the concept that some members of a cogenetic petrological series crystallized under volatilerich conditions (Mitchell 1994) . The textural, modal and chemical similarity of polzenites (in particular of the Vesec type) and marginal olivine micro-melilitolite facies of the Osečná intrusion support this view. Nevertheless, the actual Osečná olivine melilitolite sheet can represent a body of lamprophyre or a lamprophyric facies of olivine melilitolite.
According to the second view, polzenites belong to a separate group of ultramafic lamprophyres (Rock 1987 (Rock , 1991 Le Maitre 1989) as they meet all criteria required by Le Maitre (1989) and Rock (1991) for lamprophyres. However, the polzenites were considered a (more felsic) variant of alnöite by some authors (Tappe et al. 2005) . The original Scheumann's (1913) definition based, contrary to alnöite, on clinopyroxene-free mineral composition was not taken in consideration. Tappe at al. (2005) introduced a critical modification to the Le Maitre (2002) classification, reintroducing the ultramafic lamprophyres as inequigranular textured rocks with olivine and phlogopite macrocrysts and/or phenocrysts. Nevertheless, they recognized only three end-members: alnöite (essential groundmass phase melilite), aillikite (essential groundmass primary carbonate) and damtjernite (essential groundmass nepheline and/or alkali feldspar) (Tab. 1). With respect to the petrography of clinopyroxene-free polzenite (the Vesec type; typical Mg# = 76-80), this polzenite can be considered a valid end-member of the ultramafic lamprophyre group in accord with original Scheumann's (1913) definition (Tab. 1).
The similarity of polzenite dykes of the Vesec type and the olivine micro-melilitolite of the Osečná intrusion in porphyritic texture, modal and chemical compositions is striking (see Tab. 3). Notable is also the considerably close mean composition of the volatile-rich porphyritic medium-grained olivine melilitolite of the Osečná intrusion with high phlogopite content (~14 vol. % -Pivec et al. 1998) and polzenites of the Vesec type and olivine micro-melilitolites with only half amount of poikilitic phlogopite (~7 vol. % -Pivec et al. 1998). Pivec et al. (1986) and Ulrych et al. (1988) considered the Modlibohov type a typical polzenite despite minor clinopyroxene contents (up to 2.5 vol. %). The term "clinopyroxene polzenite" for the Luhov type (clinopyroxene up to 20 vol. %) of Scheumann (1922) is not correct as its modal composition corresponds to alnöite sensu Rosenbusch (1887). Scheumann (1913) saw the fundamental differences between polzenite and alnöite in the absence of clinopyroxene and the presence of haüyne in the former rock type. However, only samples of the Vesec type contain no clinopyroxene. The modal composition testifies for a continuously increasing presence of clinopyroxene at the expense of melilite and partly also phlogopite in the modlibovite-luhite series. The Luhov (1989) and Rock (1991) , do not consider these characteristics (especially the absence of clinopyroxene!) at all. The presence of clinopyroxene and Na-bearing foids is not considered diagnostic for the discrimination between polzenite and alnöite in these classifications, and nepheline is not considered typical of polzenite. Nevertheless, nepheline is the most characteristic mineral of the studied polzenites (Scheumann 1913 (Scheumann , 1922 Ulrych et al. 1991; Pivec et al. 1998) . The presence of magmatic carbonate is characteristic of alnöite but minor primary carbonate should be present in polzenites as well.
Vesecite is the oldest and most characteristic polzenite type in the PRR. Pfeiffer (1994) 6.2. Nature, source and evolution of magma Geological and geochemical characteristics of melilitic and melilite-bearing rocks of the PRR point to a single rock series (Tab. 3). The limited volume and high Mg# (73-81) of this melilitic rock series suggest an origin by low degrees of fertile (carbonate-enriched) lithospheric mantle melting with residual garnet in a peridotitic source. This is consistent with high La N /Yb N values (Tab. 3). Some of the samples reach the Mg# up to 80-81 characteristic of mafic cumulates (Rhodes 1981) .
A specific type of olivine-free, low-Mg# (50), Fe 2 O 3 -(10.1 wt. %) and TiO 2 -rich (4.5 wt. %) clinopyroxenebearing (alnöitic) rock comes from Brenná (sample 67). More evolved melilitites described from Tanzania with lower #Mg (~60), low Ni (~100 ppm), but rich in Ti, Ca, Na, K, and poor in Al are interpreted as the result of olivine fractionation of parental nephelinite melt (Dawson et al. 1985) .
In contrast, the younger monchiquite-camptonite dyke series is characterized by substantially lower Mg# (50-67) and lower contents of compatible elements (in particular Ni and Cr) compared to those of the melilitic rock series. They are comparable with the Oligocene basanite lava flows of the České středohoří Mts. (Mg# = 41-58) that originated in Ohře/Eger continental rift setting (Ulrych et al. 2002) . Wilson et al. (1995) proposed that olivine melilitites represent characteristic near-primary partial melts of the thermal boundary layer at the base of the lithosphere. The deep Saxothuringian-Moldanubian contact in the Bohemian Massif is marked by a lithospheric thinning to about 80-90 km beneath the (western) Ohře Rift (Babuška and Plomerová 2010; Geissler et al. 2010) . According to the model of the Hessian Depression of Wedepohl (1987) origin of the melilitic magma characterized by extreme silica undersaturation and high Ca content probably involved incongruent melting of clinopyroxene in presence of substantial amounts of H 2 O and CO 2 at P > 26 kbar (Morgan et al. 1985) . The principal role of CO 2 in the genesis of melilitic volcanic rocks has been established by Brey et al. (1978) . The release of CO 2 during magma ascent, due to its wellknown low solubility at low pressures, could account for the geochemistry, mineralogy and physical properties of such magmas (Melluso et al. 2011) . A comparison between the bulk-rock compositions and experimental results in the CaO-MgO-Al 2 O 3 -SiO 2 -CO 2 system points to a similarity with near-solidus melts in a moderately CO 2 -rich garnet-bearing mantle at ~3 GPa ( Negligible, if any, fractionation can be inferred from the high Mg# values of 73-81 for the melilitic rock series (Ulrych et al. 2008 and new data). Only olivine melilitolite of the Osečná Complex was substantially affected by late-magmatic crystallization and postmagmatic fluids, causing metasomatic transformation (see Section 5.1). Glimmerites with Mg# of 74-76 are chemically similar to the parental olivine melilitolite while pegmatites (Mg# = 64-66) and ijolites (Mg# = 64) represent evolved metasomatic products enriched in incompatible elements (Ulrych et al. 2008) .
The Nd-Sr isotopic data of the melilitic rock series of Ulrych et al. (2008) The presence of monticellite in silica-poor polzenite of the Vesec type and olivine micro-melilitolites of the PRR indicates a transition toward more silica-undersaturated compositions, where clinopyroxene tends to be minor or absent, due to the low silica activity of the primitive magmas characterized by higher Mg# (Melluso et al. 2011) .
Rocks of the monchiquite-camptonite dyke series show signs of fractionation. Presence of phenocrysts of kaersutite and phlogopite in this series indicates that the primary magma was enriched in H 2 O and other volatile components but impoverished in incompatible elements compared to the melilitic rock series.
The whole-rock major-and trace-element contents imply that the rocks of melilitic dyke association were derived from subcontinental lithospheric mantle sources. The contents of incompatible trace elements in the melilitic rock series are high and variable (Sr = 810-2200 ppm, Ba = 630-2100 ppm), significantly higher than those of average continental crust (Sr ~ 320 ppm, Ba ~ 460 ppm; Rudnick and Gao 2003).
The OIB-like incompatible trace-element ratios, such as high Nb/U (32-68), low La/Nb (0.4-1.0) and variable Ba/Nb (4-12), suggest a limited lithospheric mantle contamination (see Hofmann 1988; Sun and McDonough 1989; Melluso et al. 2011) . For the generation of such a melt it is necessary to speculate on an upper mantle source enriched in incompatible elements, together with Tab. 5 Rb-Sr and Sm-Nd isotopic data for camptonite-monchiquite "wesselite" dykes. a small degree of partial melting of the source material. The minor positive Nb anomaly both in the melilitic and monchiquite-camptonite rock series might indicate Nb fractionation during the passage of primary asthenospheric magma through a metasomatized lithospheric mantle (Hofmann et al. 1986) . Evidence for such metasomatized upper mantle may be provided by xenoliths of glimmerite to mica clinopyroxenite in the polzenite dykes. To the contrary, dunite to harzburgite xenoliths in melilite-bearing olivine nephelinite most likely represent a depleted mantle which underwent moderate to high-degree partial melting. Garnet peridotite, eclogite, norite and ferro-dunite xenoliths are entrained from the local crystalline basement and occur in vent breccias only (Ulrych et al. 2000c ). High Ca contents in the melilitic rocks point to a clinopyroxene-rich veined mantle sensu Lloyd et al. (1991) .
Rocks of the monchiquite-camptonite series, in comparison to the melilitic rock series, are characterized by low contents of compatible elements such as Ni (~20-110 ppm), Co (~30-50 ppm), Sc (~20-50 ppm) and Cr (~70-260 ppm). The contents of incompatible elements, e.g. Sr (~700-1000 ppm) and Ba (~600-1100 ppm) in the rocks of this series are high and variable, though lower than those in the melilitic rock series. Chemical analyses of the "wesselite" from the original locality demonstrate an inhomogeneity and probably a zoned development of the dyke and/or a presence of several dykes (Tab. 2). The incompatible element ratios and the Nb anomaly are largely similar to those of the melilitic rocks series.
The presence of two age-contrasting melilitic (Late Cretaceous to Palaeocene) and tephrite-basanitic (Oligocene) series in northern Bohemia has no analogy either in the Bohemian Massif (Ulrych et al. 2011) or elsewhere in the Circum-Mediterranean anorogenic Cenozoic igneous province of Lustrino and Wilson (2007) .
Conclusions
• The Cenozoic Central European Volcanic Province includes two main diachronous volcanic rock series in the northern part of the Bohemian Massif: (i) the Late Cretaceous to Early Tertiary ultramafic melilitic rock series including ultramafic clinopyroxene-free lamprophyres -polzenites (80-61 Ma), and (ii) the Oligocene monchiquite-camptonite dyke series (31-28 Ma) free of melilite, belonging to the tephrite-basanite rock series, which was erroneously genetically ascribed to the melilitic series. • Geological, mineralogical, petrological and geochemical evidence from the melilitic rock suite points to the presence of a singular rock series originated from a common mantle magma source. They can be interpreted as low-degree partial melts of a heterogeneous, clinopyroxene-veined mantle re-fertilized by metasomatic phlogopite ± dolomite and other phases rich in incompatible elements. Mantle metasomatism was probably related to carbonatitic magmatism associated with incipient Neoidic rifting of the lithosphere in the northern and northwestern parts of the Bohemian Massif.
